We explore the role of stock liquidity in influencing the composition of CEO annual pay and the sensitivity of managerial wealth to stock prices. We find that as stock liquidity goes up, the proportion of equity-based compensation in total compensation increases while the proportion of cash-based compensation declines. Further, the CEO's pay-for-performance sensitivity with respect to stock prices is increasing in the liquidity of the stock. Our main findings are supported by additional tests based on shocks to stock liquidity and two-stage-least squares specifications that mitigate endogeneity concerns. Our results are consistent with optimal contracting theories and contribute to the ongoing debate about the increasing trend of both equity-based over cash-based compensation and the sensitivity of total CEO wealth to stock prices rather than earnings.
1
"…over the last three decades, the total sensitivity of executive wealth to changes in shareholder wealth has become dominated by executives' stock and stock option portfolios, as opposed to cash compensation or other components of executives' pay packages…In addition, cash compensation itself appears to have become a less important component of the overall pay-performance sensitivities of top executives". Bushman and Smith (2001, 242) 
I. INTRODUCTION
As the above quote indicates, the importance of stock prices as opposed to that of accounting numbers in executive pay contracts has been increasing dramatically. These changes can be seen in both the composition of pay (salary & bonus payouts versus stock grants) and in the sensitivity of total pay to both accounting earnings and stock returns.
Specifically, in empirical tests that regress CEO pay on both stock returns and earnings, Bushman et al. (1998) find that the coefficient on accounting earnings has been relatively constant over time, but that on stock returns has been consistently increasing. The culprit behind this shift in composition and sensitivity is readily identifiable: over this time period, firms dramatically increased their grants of both stock options and restricted stock. And while these changes in compensation policies were likely in response to calls to increase shareholder value, Bushman and Smith (2001) emphasize that the reasons underlying these changes are still not very well understood.
In this paper, we rely on theories of market microstructure and propose stock liquidity as one possible contributor to both features of compensation contracts -(i) the declining importance of cash-based compensation in annual CEO pay packages and (ii) the greater reliance on stock prices over earnings in pay-for-performance sensitivity (PPS). Empirically, we find that greater stock liquidity is associated with a lower proportion of cash-based pay and with higher PPS with respect to stock prices. These results hold both cross-sectionally and over time, and our interpretation is that increases in stock liquidity affect compensation contracts in two ways. First, because executives value liquidity, greater stock liquidity increases their preference for stock-based compensation relative to cash-based compensation. Second, as stock liquidity increases, the reduced trading costs encourage informed traders to impound more information about the manager's actions in the stock price (see Chordia et al. 2008 ). These increases in stock price informativeness result in greater reliance being placed on stock prices in PPS relative to other performance metrics such as earnings (see Holmstrom and Tirole 1993; Fang et al. 2009 ).
The above arguments assume a positive association between the valuation and contracting roles of stock prices. That is, when stock prices are more informative to investors in the market, they are also assumed to be more informative about the manager's actions and thus more useful for contracting purposes. While some theorists (e.g., Gjesdal 1981; Paul 1992; Lambert 1993) have suggested that these alternative uses of information need not coincide, recent studies such as Bushman et al. (2006) show analytically that performance measures that incorporate multi-period effects of the manager's actions (not fully captured by current period earnings) perform both a valuation as well as a contracting role. Stock liquidity, in our setting, performs such a dual role. In this sense, our study adds to the findings of Banker et al. (2009) and Bushman et al. who find a positive association between the contracting and valuation roles of performance measures.
Our arguments rest on the premise that differences in stock liquidity determine the extent of stock price informativeness, and not the other way around. This link is motivated by Grossman and Stiglitz (1980) , Kyle (1985) , Holmstrom and Tirole (1993) and Easley and O'Hara (2004) , who model informed traders who optimally choose their trading intensity as a function of stock liquidity, thereby determining the amount of private information that is impounded in the stock price. The more liquid the stock, the more intense the trading, which thereby increases the informativeness of the stock price. Most relevant evidence on this is given by Chordia et al. (2008) who find that greater liquidity stimulates arbitrage activity, which, in turn, enhances market efficiency by incorporating more private information into prices. Chordia et al. explicitly test for reverse causality and find that the p-value for the null that liquidity Granger-causes informativeness is 0.001, whereas that for the reverse hypothesis that informativeness causes liquidity is 0.141.
Turning first to our cross-sectional results, we find that the proportion of cash-based pay as part of total annual compensation is lower in firms with greater stock liquidity. In terms of economic significance, a one standard deviation increase in stock liquidity reduces the proportion of cash-based pay in total compensation by 7% relative to the mean. Second, we find that PPS of total CEO wealth with respect to stock prices is greater in firms with higher stock liquidity. PPS increases by 4% (relative to the mean) for every standard deviation increase in stock liquidity. We do not find any evidence of stock liquidity affecting PPS with respect to either earnings or cash flows. 1 Next, we perform three additional tests to shed further light on the issue of causality of stock liquidity on executive compensation. First, we implement a two-stage least squares estimation to explicitly address the endogeneity of stock liquidity. We rely on the framework of Fang et al. (2009) and use both the lagged value of each firm's stock liquidity and the stock liquidity of the median firm in the industry as exogenous variables. We find that the predicted value of stock liquidity is strongly and negatively related to cash-based compensation in this 1 The insignificant weights on earnings and cash flows also help rule out the possibility that our results might be driven by investor myopia. If firms with greater stock liquidity are held by investors with shorter trading horizons, then one could argue that the greater weight on stock prices might be reflecting investor myopia. However, in this case, one should also expect a commensurate greater weight on earnings, which is not present in our data.
two-stage least squares framework. Further, the relation between predicted stock liquidity and PPS with respect to stock prices is also robust in this framework.
Our second supporting test uses stock-splits as an event that results in increases in stock liquidity without any associated change in firms' underlying fundamentals (e.g., Maloney and Mulherin 1992; Easley et al. 2001) . By examining changes in cash-based compensation and PPS around stock-splits, we essentially treat every firm as its own control, thereby mitigating any omitted variable bias. We find strong evidence that stock-splits are associated with a significant decrease in the proportion of cash-based compensation to total compensation and a strong increase in PPS with respect to stock prices.
Third, we provide inter-temporal evidence of the link between stock liquidity, cashbased compensation and PPS using regressions that involve firm-specific changes. In this approach, we regress changes in cash-based compensation (and changes in PPS) on changes in both stock liquidity and in the other control variables. Consistent with Bushman and Smith (2001), we find that the proportion of cash-based pay relative to total compensation is steadily declining during our sample period. Further, PPS with respect to stock prices is also increasing during this period. Consistent with our story, we find that average stock liquidity of our sample firms is continuously increasing over this same period. We find strong evidence of this intertemporal relation at the firm level in that changes in cash-based compensation (changes in PPS with respect to stock prices) are negatively (positively) associated with changes in stock liquidity over annual, three-year, and five-year intervals.
To further buttress our results, we perform a battery of robustness tests. First, we examine changes in CEO cash compensation (following Lambert and Larcker 1987 and Sloan 1993) rather than changes in total CEO wealth to measure pay-for-performance sensitivity (see Core et al. 2003) . Consistent with these studies, the weight on earnings is, on average, higher than that on stock prices in these regressions. However, as stock liquidity goes up, the reliance on stock prices increases whereas the reliance on earnings decreases. Our evidence suggests that higher stock liquidity partially mitigates some of the negative aspects of stock prices vis-à-vis earnings as a performance measure by incorporating more information about the manager's actions into the stock price.
While we use the Core and Guay (1999; 2002) Hayes and Schaefer (2000) to verify that our results are robust to incorporating the effect of other unobservable performance measures that might be used. Again, our interpretation remains intact.
As a final test, we use the firm's addition to the S&P 500 Index to further examine the role of stock liquidity on executive compensation. The role of stock liquidity in the mix of annual CEO pay follows from executives' preference for greater liquidity while its role in PPS stems from the greater informativeness of the stock price. A firm's addition to the S&P 500
Index provides an interesting experiment in that it increases stock liquidity (e.g., Shleifer 1986; Beneish and Whaley 1996) but reduces stock price informativeness (e.g., Vijh 1994; Barberis et al.
2005
). Thus, we expect Index additions to be associated with decreases in the proportion of cash-based compensation to total compensation and yet decreases in PPS.
We find some evidence in favor of those predictions. While Index additions are associated with decreases in cash-compensation and decreases in PPS with respect to stock prices, the statistical significance of these findings is weak. We believe that this finding sharpens the earlier results of Garvey and Swan (2002) and Kang and Liu (2006) Overall, our study relies on an optimal contracting framework to provide evidence that higher stock liquidity is an important contributor to two important trends in executive compensation --the declining importance of cash relative to total compensation in annual CEO pay packages and the higher reliance on stock prices in determining PPS. In addition to using cross-sectional measures of stock liquidity that are common in the market microstructure literature, we also rely on stock-splits and firm additions to the S&P 500 Index as experiments to examine how shocks to stock liquidity affect features of executive compensation. We consistently find that increases in stock liquidity affect executive compensation in two ways -(i) because agents value liquidity, greater stock liquidity shifts the mix of annual compensation in favor of stock-based compensation; and (ii) as stock liquidity facilitates more informative stock prices about the manager's actions, it is associated with greater reliance on stock prices in PPS.
The rest of the paper is arranged as follows. Section II further outlines our theoretical motivation and delineates our empirically-testable hypotheses. Section III presents the research design, while Section IV contains our results. Section V tackles issues of causality and details our robustness tests. Concluding remarks are offered in Section VI.
II. MOTIVATION AND TESTABLE HYPOTHESES
Agency-theoretic models predict that stock liquidity will affect features of executive compensation in two ways. The first pertains to how stock liquidity affects the mix of annual compensation flows in terms of cash versus stock; and the second pertains to how it affects the reliance on stock prices in pay-for-performance sensitivity.
Garvey (1997) models the role of stock liquidity in executive compensation and shows that greater stock liquidity reduces the manager's cost of selling her equity holdings. Because risk-averse agents prefer higher liquidity, greater stock liquidity increases the manager's preference for stock-based compensation relative to cash-based compensation. As the optimal contract moves away from cash-based to stock-based compensation when liquidity is higher, we expect greater stock liquidity to be associated with less cash-based compensation in the data.
Next, we explore the role of stock liquidity in the use of stock prices in managerial payfor-performance sensitivity (PPS). In classical theories of optimal contracting in hidden action environments (e.g., Holmstrom 1979; Banker and Datar 1989) , the equilibrium weight placed on the manager's output depends directly on its "signal-to-noise" ratio. The general idea is that an increase in noise reduces the effectiveness of output as a performance measure for incentive purposes, whereas an increase in the responsiveness of the signal to the manager's action represents a more informative and effective output measure. Prior studies find that stock liquidity results in more information about the manager's actions being impounded in the stock price and thus an increase in the latter's contracting role. Holmstrom and Tirole (1993) show how greater stock liquidity due to uninformed traders introduces randomness into stock prices, which consequently draws in more informed traders to trade on their private information. In their equilibrium, when stock liquidity is higher, the increased informed trading dominates the increased uninformed trading and thus 8 results in greater average stock price informativeness. 2
The arguments above suggest that firms with greater stock liquidity should rely less on cash-based relative to equity-based compensation (Garvey 1997 ) and place greater emphasis on stock prices relative to earnings and cash flows in providing performance incentives (Holmstrom and Tirole 1993) . There are, however, some countervailing theoretical arguments to these statements in the literature. We describe two here. The first suggests that higher stock liquidity can actually be associated with less informative prices, which thereby calls for lower PPS. The second argument attempts to distinguish between the valuation and contracting roles of stock prices.
In empirical support of this claim, Chordia et al. (2008) 
III. RESEARCH DESIGN
We begin by describing our variables, and then our data sources, and finally delineate our empirical specifications.
Variables

Stock Liquidity (Liq)
Our main measure of stock liquidity (Liq) is turnover, defined as the log of the ratio of total shares traded annually divided by shares outstanding. 4 because turnover involves scaling shares traded by shares outstanding, it implicitly controls for firm size and enables comparison across firms and over time. 5
Cash Compensation (Cashcomp)
We define cash compensation (Cashcomp) as the proportion of cash-based compensation (the sum of Execucomp data items "salary" and "bonus") to total annual compensation (data item "tdc1").
Pay-for-performance Sensitivity with respect to Stock Prices (Delta)
Following prior studies such as Chava and Purnanandam (2010) 
Control Variables
Because prior studies find that the investment opportunity set affects stock-based incentives (e.g., Smith and Watts 1992), we define Tobin's Q as the ratio of market value to book value of assets and include it to capture the investment opportunity set. We use both accounting and stock price based measures to capture performance. ROA is defined as income before extraordinary items scaled by total assets and cash flow from operations scaled by total assets (CFO) captures accounting performance while the annual Stock return captures market performance. 7 We also include ROA volatility, cash flow volatility (CFO volatility) and Stock return volatility to capture the volatility of the operating environment. ROA volatility, CFO volatility and
Stock return volatility are computed as standard deviations of five annual observations of ROA, CFO and Stock return, respectively. Prendergast (2000; 2002) argues that firms rely more on stock-based incentives in riskier environments where it is more difficult to monitor the manager's actions. On the other hand, studies such as Demsetz and Lehn (1985) , Lambert and Larcker (1987) , Aggarwal and Samwick (1999) and Garvey and Milbourn (2003) argue that greater volatility captures more noise in the output measure and firms should therefore reduce stock-based incentives (see Dai et al. 2009 for an event-study approach to shed light on this question). We do not make a directional prediction for these volatility measures. We control for firm size using the log of total sales (LogSales), and we include year and industry fixed effects defined at the 2-digit SIC code level. Following Petersen (2009), we cluster the robust standard errors by executive. We winsorize all variables at the one percent tails to reduce the influence of outliers.
7 Our results are robust to excluding cash flows and including only earnings.
Empirical Specifications
To address how the composition of pay and the sensitivity of managerial wealth to stock prices relate to stock liquidity, we use the following empirical specifications.
Relation between Cash-based Compensation (Cashcomp) and Stock Liquidity (Liq)
We use three empirical specifications to test the relation between Cashcomp and Liq. We first present a median regression as follows: 
Hypothesis H1 predicts that the coefficient on 1 α will be positive. We follow this specification with an OLS regression and another that also includes executive fixed effects. The latter specification is especially useful in controlling for correlated omitted CEO characteristics that could affect both Cashcomp and Liq.
Relation between PPS and Stock Prices (Delta) and Stock Liquidity (Liq)
Similar to Cashcomp, we estimate the relation between the log of Delta (LnDelta) and stock liquidity using the following specification: 
Hypothesis H2 predicts that the coefficient on 1 β will be positive.
Data and Descriptive Statistics
Our data come from three sources. Panel B presents Spearman correlations between the variables, which again reveal few surprises. Cashcomp and Liq are negatively related (-0.33), suggesting that more liquid firms are associated with lower cash compensation. Further, the correlation between Liq and the log of delta (LnDelta) is positive (0.29) and highly significant, indicating that higher PPS with respect to stock prices is associated with greater stock liquidity.
IV. EMPIRICAL RESULTS
Univariate Evidence
<INSERT FIGURE 1 ABOUT HERE> Figure 1 presents the univariate relations between cash-based compensation and stock liquidity, and between delta and stock liquidity. The x-axis plots decile ranks of stock liquidity and the y-axis plots median values of Cashcomp (Panel A) and Delta (Panel B) that correspond to these deciles. The downward sloping curve in Panel A indicates that higher stock liquidity is associated with a smaller proportion of cash pay, consistent with hypothesis H1. Specifically, we find that Cashcomp for firms in the least liquid decile is 71%, as compared to 27% for firms in the highest decile of stock liquidity.
The upward sloping curve in Panel B indicates that firms with higher stock liquidity are associated with higher PPS with respect to stock prices. A 1% increase in the stock price increases managerial wealth by $48,000 for firms in the lowest decile of stock liquidity. On the other hand, a comparable change for firms in the highest liquidity decile is around $316,000.
These results are consistent with hypothesis H2, and suggest that firms rely more on stock prices in designing executive compensation when stock liquidity is high.
Multivariate Evidence
<INSERT preference for liquidity shifts the optimal contract in more liquid firms away from cash-based compensation and toward equity-based compensation. The economic significance based on
Model (3) suggests that a one standard deviation increase in stock liquidity reduces the proportion of cash-based compensation to total compensation by 7% relative to the mean.
Turning to the delta regressions, the coefficient on Liq is positive and significant in models (4) to (6) indicating that firms with greater stock liquidity are associated with higher PPS with respect to stock prices. Consistent with the greater informational content of stock prices in more liquid firms, these results support hypothesis H2 and suggest that firms rely more on stock prices in PPS when stock liquidity is high. A one standard deviation in stock liquidity increases PPS by 4% relative to the mean. The estimated relations between Cashcomp (and LnDelta) and the control variables are generally consistent with prior studies.
V. ADDITIONAL EVIDENCE AND ROBUSTNESS TESTS
While the above tests are suggestive of a role for stock liquidity in executive compensation, they are cross-sectional in nature and thus suffer from endogeneity concerns. In this section, we address the endogeneity of stock liquidity in several ways. First, we use a twostage-least squares regression using instrumental variables. Second, we explore the effects of stock splits that result in increases in stock liquidity without any associated change in the firm's underlying fundamentals. Third, we examine changes in cash compensation (and in delta) in response to inter-temporal changes in stock liquidity. Finally, we run several robustness checks and then characterize outcomes that occur through S&P 500 Index additions.
Two-Stage-Least Squares (2SLS) Estimation
In this sub-section, we examine whether our results are robust to correcting for the 
We estimate (3) using OLS and we then use the fitted value, PrLiq, as an instrumental variable for liquidity in our models related to pay composition and PPS.
<INSERT TABLE 3 ABOUT HERE> 
Stock Splits as a Shock to Stock Liquidity
In our second test, we use stock-splits as a shock to stock liquidity and examine its effect Thus, increases in stock liquidity after stock splits are associated with decreases in the proportion of cash compensation to total compensation and with increases in PPS with respect to stock prices.
Intertemporal Relation between Cashcomp, Delta and Liq
We next analyze the intertemporal relation between stock liquidity and cash-based compensation as a third test to address the endogeneity of stock liquidity. In particular, we ask whether the declining ratio of cash-based compensation to total compensation and increasing PPS with respect to stock prices over time are related to increasing stock liquidity over time. In addition to providing time-series evidence of the link between liquidity and cash-based compensation and PPS, these firm-specific changes regressions also help alleviate concerns about correlated variables.
<INSERT TABLE 5 ABOUT HERE>
In particular, we compute firm-specific changes in Cashcomp, LnDelta, Liq and in the other variables. We use annual, three-year and five-year periods to compute changes. Table 5 presents the results based on the strictest empirical specification with executive fixed effects.
The first two specifications pertain to annual changes, the next two to three-year changes and the last two to five-year changes. The first regression in each period pertains to Cashcomp ∆ and the next to LnDelta ∆ . The coefficient on Liq ∆ is negative and significant at the 1% level in the Cashcomp ∆ regression across every horizon (annual, three-year and five-year). These results provide strong evidence that firm-specific declines in cash-based compensation are associated with firm-specific increases in stock liquidity. These results help establish a connection between increasing stock liquidity over time as documented in the market microstructure literature and declining cash-based compensation over time as documented in the executive compensation literature. Further, the coefficient on Liq ∆ is positive and significant at the 1% level in all the LnDelta ∆ regressions indicating that firm-specific increases in PPS with respect to stock price are strongly associated with firm-specific increases in stock liquidity. These results provide confirmatory evidence in favor of our cross-sectional results.
Before turning to our robustness tests, we first explore situations where greater stock liquidity actually results in less informative prices owing to greater increases in uninformed trading relative to informed trading. Several studies have found that firms added to the S&P 500 Index experience a significant increase in stock liquidity (e.g., Shleifer 1986; Beneish and Whaley 1996), but that these increases in liquidity are associated with higher trading by investors who trade for tracking and liquidity reasons, such as index funds, rather than trading for informational reasons. Vijh (1994) and Barberis et al. (2005) find that stock prices of firms added to the S&P 500 Index experience decreases in firm-specific information. Therefore, we examine changes in the proportion of cash-based compensation and in PPS before versus after the firm is added to the S&P 500 Index. As additions result in increases in stock liquidity but decreases in stock price informativeness, this offers us a unique experiment to examine the conflicting theoretical predictions about the role of stock liquidity in PPS. 10 We obtain our sample of S&P 500 Index additions from 1993 to 2006 from two sourcesBarberis et al. (2005) As Index additions increase stock liquidity, we expect them to be associated with less cash-based compensation.
Further, as these additions reduce stock price informativeness, we expect them to be followed by a reduction in the use of stock prices in PPS. We define an indicator variable, Post Addition to denote the post-Index addition period. Because we expect firms to rely less on cash-based compensation and also less on stock prices in PPS after S&P 500 Index additions, we expect Post Addition to be negative in the Cashcomp and the LnDelta regressions. Table 6 presents the above results. Consistent with our prediction, the coefficient on Post
Addition is negative in all the Cashcomp regressions but highly significant only in the median 10 Although one could make an argument that the exact opposite effects should be observed during Index deletions, we do not examine deletions for several reasons. There is an important difference between why firms are added to an Index versus why they are deleted (see Barberis et al. 2005 for a detailed discussion). The primary criterion that S&P uses in selecting a firm to be added is sector representation. The goal of the S&P index is to make the Index representative of the U.S. economy and not a signal about the firm's future cash flows. Hence, additions can be treated as relatively exogenous to the firm. However, most deletions from the Index are due to poor sustained performance, upcoming bankruptcy or merger related activities. Deleted firms often do not survive, which poses significant survivorship biases. Thus, the decision to drop a firm from the Index is a manifestation of ongoing changes, and more likely to be endogenous to firm characteristics. 11 See http://pages.stern.nyu.edu/~jwurgler/ regression. It is possible that the insignificance in the OLS regressions might be driven by outliers. Consistent with this conjecture, we find (in unreported tests) that the coefficient on Post Addition is negative and significant in both the OLS and the executive-fixed effects specifications when the dependent variable is transformed to decile ranks. Thus, there is some reasonable evidence that firms rely less on cash-based compensation after addition to the S&P 500 Index.
Turning to the PPS results, the coefficient on Post Addition is again negative in all the
LnDelta regressions and significant only in the median regression. Thus, there is again moderate evidence that firms rely less on stock prices for PPS in response to S&P 500 Index additions that decrease stock price informativeness. These results are consistent with Calcagno and Heider (2007) who show that instances where greater stock liquidity results in lower stock price informativeness leads to lower PPS. However, we interpret these results as exploratory.
Robustness Tests
Using Alternative Measures of PPS
Our earlier results follow the framework of Core and Guay (1999) and compute PPS as the change in the value of the manager's equity portfolio for a 1% increase in the stock price. In this section, we examine the robustness of our results to two alternative measures of PPS. First, we follow Edmans et al. (2009) and scale Delta by total annual compensation (ScaledDelta).
Second, we use the Jensen and Murphy (1990) measure (JM) which estimates the change in total CEO wealth for a $1,000 change in shareholder wealth.
<INSERT PANEL A OF TABLE 7 ABOUT HERE>
Results based on these alternate measures are presented in Panel A of Table 7 . The first three specifications present ScaledDelta while the next three depict JM. The coefficient on Liq is positive and significant in all six specifications, indicating that our inferences are robust to using alternative measures of estimating PPS with respect to stock prices. Further, in unreported tests, we find that our results are also robust to estimating PPS by regressing changes in CEO wealth on changes in shareholder wealth (Jensen and Murphy 1990) and interacting the latter with stock liquidity. We do not use this specification for the primary results because it entails using stock returns on both the left hand side and the right hand side of the PPS regression.
Alternative Measures of Stock Liquidity
We examine the sensitivity of our results to using alternative measures of stock liquidity.
We follow Fang et al. (2009) 
Using CEO Cash Compensation
Our earlier results follow the framework of Core and Guay (1999) and use changes in total CEO wealth to measure delta. In this section, we examine the robustness of our results to using CEO cash compensation as in Lambert and Larcker (1987) and Sloan (1993) . Sloan, in particular, shows that CEO cash compensation is more sensitive to earnings than to stock prices because earnings can shield the CEO from fluctuations in compensation that are due to marketwide movements. While earnings might display this feature on average, our argument is that the relative superiority of earnings compared to stock prices will be attenuated in firms with greater stock liquidity. In this sense, increased liquidity helps resolve the negative aspects of stock prices as a performance measure vis-à-vis earnings by incorporating more information about the manager's actions in the stock price. 13 In unreported results, we find that CEO cash compensation is, on average, more sensitive to accounting information than market performance (consistent with Lambert and Larcker 1987; Sloan 1993) . Consistent with our predictions, however, we find that the effect of stock price (earnings) on CEO cash compensation is larger (smaller) when stock liquidity is higher. Thus, greater stock liquidity seemingly resolves the negative aspects of stock prices as a performance measure by impounding more information about the manager's actions into the stock price.
To test this prediction, we regress changes in CEO cash compensation on changes in shareholder wealth, changes in ROA and changes in
CFO.
We also interact each of these performance measures with Liq. We also interact each performance measure with the ratio of the standard deviation of earnings to the standard deviation of stock returns.
Controlling for the Influence of Other Unobservable Performance Measures
It is possible that our inferences might be confounded by unobservable performance measures other than stock prices, earnings and cash flows. To examine this possibility, we follow Hayes and Schaefer (2000) 
VI. CONCLUSION
The main contribution of our study is to propose stock liquidity as an important explanation for two important trends in executive compensation highlighted by Bushman and
Smith (2001): (i) the declining importance of cash-based compensation in total compensation and (ii) the increasing reliance on stock prices relative to earnings in executive compensation.
Motivated by the market microstructure literature that finds that firms with greater stock liquidity have more informative prices, we take an optimal contracting perspective to empirically examine the role of stock liquidity in managerial compensation. Further, we rely on theories that argue that agents' preference for greater personal liquidity shifts the composition of annual pay towards equity-based compensation and away from cash compensation in firms with greater stock liquidity. We find cross-sectional as well as inter-temporal evidence that firms with greater stock liquidity rely less on cash-based compensation as part of total compensation in annual contracts. Further, we find that the reliance on stock prices in designing executive compensation is higher for firms with greater stock liquidity.
To support these claims, we provide an assortment of analyses. We use stock splits as an experiment where there is a shock to stock liquidity that leaves the underlying fundamentals of the firm unaltered and find that stock splits reduce the proportion of cash-based compensation to total compensation and increase executive compensation with respect to stock prices. We use a two-stage-least squares specification to mitigate concerns regarding endogeneity and again find consistent evidence. To provide time-series evidence, we use changes regressions and find that firm-specific changes in stock liquidity (measured at different intervals) are negatively and significantly associated with changes in cash-based compensation and positively and significantly associated with changes in PPS. Overall, we find that market microstructure theories related to the role of stock liquidity serve to materially clarify our understanding of two important trends in the managerial compensation literature. -0.07** 0.01* 0.37** 0.26** -0.03** 0.08** -0.07** 1.00 CFO vol -0.01* 0.07** 0.34** 0.24** 0.09** 0.11** -0.04** 0.64** 1.00 Stock ret vol -0.08** 0.14** 0.39** 0.16** 0.00 0.01* 0.03** 0.45** 0.42** 1.00 Log sales -0.22** 0.21** -0.02** -0.14** 0.02** 0.02** 0.04** -0.35** -0.33** -0.25** 1.00
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The sample includes 21,750 firm-year observations and covers the period from 1992 to 2007. Salary and Bonus represent the CEO's yearly salary and bonus values. Total compensation includes salary, bonus, restricted stock grants, long-term payouts and the Black-Scholes value of option grants. Cashcomp is the ratio of cash-based compensation (i.e., salary and bonus) to total compensation. Delta is the CEO's delta for a given year and measures the sensitivity of the CEO's wealth to a one percent change in the stock price, computed as per the methodology of Core and Guay (1999, 2002a) . Liq is the measure of stock liquidity and is defined as the log of turnover. Turnover is defined as the ratio of total shares traded annually divided by total shares outstanding. Tobin's Q is measured as the ratio of the market value to the book value of assets. ROA represents return on assets and is defined as the ratio of income before extraordinary items scaled by total assets. CFO indicates operating cash flows and is defined as cash flow from operations scaled by total assets. Stock return is the annual stock return for the firm over its fiscal year. ROA volatility, CFO volatility and Stock return volatility are the standard deviation of ROA, CFO and Stock return, respectively, and are computed based on five annual observations. Sales denotes annual sales in millions. Compensation data are in thousands. ** denotes significance at the 5% level or lower while * denotes significance at the 10% level. All other correlations are insignificant. (1) to (3) is Cashcomp which denotes the proportion of cash-based compensation to total annual compensation, while that in Models (4) to (6) is LnDelta which represents the log of the CEO's delta. Liq indicates stock liquidity. Tobin's Q stands for the ratio of the market value to the book value of assets. ROA represents return on assets. CFO indicates operating cash flows. Stock return is the annual return for the firm. ROA volatility, CFO volatility and Stock return volatility are the standard deviations of ROA, CFO and Stock return respectively. Log sales is the log of annual sales. Detailed variable definitions are in Table 1 . Models (1) and (4) present results from median regression with year fixed effects and industry fixed effects defined at the 2 digit SIC level. Models (2) and (5) present results from an OLS regression with year fixed effects, industry fixed effects defined at the 2 digit SIC level and robust standard errors clustered by executive. Models (3) and (6) present results from an OLS regression that includes executive fixed effects in addition to the year and industry fixed effects. Robust standard errors that are clustered by executive are presented in parentheses under the coefficients. *** , ** and * denote significance at the 1%, 5% and 10% levels, respectively. (2) to (4) is Cashcomp which denotes the proportion of cash-based compensation to total annual compensation while that in Models (5) to (7) is LnDelta which represents the log of the CEO's delta. LagLiq denotes lagged liquidity and IndLiq indicates the median liquidity in the industry respectively. PrLiq is the predicted value from the first-stage regression of model (1). All other variables are defined similar to that in Table 2 . Robust standard errors that are clustered by executive are presented in parentheses under the coefficients. *** , ** and * denote significance at the 1%, 5% and 10% levels, respectively. (1) to (3) and log of delta in models (4) to (6). Post Split indicates the three years after versus the three years before the year of the stock split. The year of the stock split is deleted from either group. All other variables are defined similar to that in (1), (3) and (5) are ΔCashcomp where Δ is defined over annual periods in Model (1), three-year periods in Model (3) and five-year periods in Model (5). The dependent variables in Models (2), (4) and (6) are ΔLnDelta where Δ is analogously defined. ΔLiq indicates change in stock liquidity. ΔTobin's Q stands for the change in the ratio of the market value to the book value of assets. ΔROA represents change in return on assets. ΔCFO indicates change in operating cash flows. ΔStock return is the change in the annual return for the firm. ΔROA volatility, ΔCFO volatility and ΔStock return volatility are the changes in the standard deviations of ROA, CFO and Stock return respectively. ΔLog sales is the change in the log of annual sales. Detailed variable definitions are in Table  1 . All regressions include executive fixed effects, year fixed effects and industry fixed effects defined at the 2 digit SIC level. The robust standard errors are clustered by executive in all the models and are presented in parentheses under the coefficients. *** , ** and * denote significance at the 1%, 5% and 10% levels, respectively. (1) to (3) and log of delta in models (4) to (6). Post Addition indicates the period after S&P 500 Index additions. The year of addition is deleted from either group. All other variables are similar to those defined in Table 2 . Robust standard errors that are clustered by executive are presented in parentheses under the coefficients. ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively. (1) to (3) is the scaled value of delta (ScaledDelta) where delta is scaled by annual compensation. The dependent variable in Models (4) to (6) is the Jensen and Murphy (1990) measure of PPS (JM) which captures the sensitivity of managerial wealth to a $1,000 increase in shareholder wealth. All other variables are similar to those defined in Table 2 . Robust standard errors that are clustered by executive are presented in parentheses under the coefficients. ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively. (1) to (3) is Cashcomp which denotes the proportion of cash-based compensation to total annual compensation while that in Models (4) to (6) is LnDelta which represents the log of the CEO's delta. LiqPC indicates the composite measure of stock liquidity computed by combining three measures -the relative bidask spread, the Amihud (2002) measure of illiquidity and the percentage of zero-returns of Lesmond et al. (1999) using principal components. LiqPC has been multiplied by minus 1 so that larger values indicate greater stock liquidity. All other variables are similar to those defined in Table 2 . Robust standard errors that are clustered by executive are presented in parentheses under the coefficients. ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively. 
